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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method by which a semiconductor layer provided with an 
inverted-mesa type ridge strip structure in which the 
ridge width becomes the narrowest at the part which is 
nearest to an active layer as compared with the width of 
the other part and a semiconductor laser obtained by the 
manufacturing method. 

SOLUTION: After a p-type Al y Ga i y As (y=0.7) etching 

stopper layer 5, a second p-A! x Ga i ^As (x=0.5) upper 

clad layer 6, and a first p-GaAs contact layer 7 are 
formed on a first p-Al x Ga i ^As (x=0.5) upper clad layer 4, 

the first contact layer 2 and second clad layer 6 are 
removed by first etching until the layer 5 is exposed by 
using a ridge mask 8 as a mask. Then an inverted- mesa 
type ridge stripe structure 19 is formed in the second 
clad layer 6 by performing second etching for a period of 3 
2.5 minutes by using an etchant prepared by mixing 
tartaric acid (50% wt.) and hydrogen peroxide (31% wt.) 
at a mixing ratio of 4: 1 . 




COPYRIGHT: (C)1997,JPO 



(19) B*m&ftft (JP) 02) & Hg fj^ |f ^ (A) (lDtfffiilKftH** 

#Plf9- 116222 

(43)£tfH B ¥j£ 9 ¥(1997) 5 H 2 B 

(51)IntCl." MOTE* tfftSSl*^ FI i*WS*S;?r 

HOIS 3/18 HOIS 3/18 



SSSfjR *SfcR m*M<tm7 OL 10 If) 



(21)fflS*^ 



(22)rfHHB 



f$i¥T- 268689 



¥i£ 7 if (1995) 10,3170 



(71) taiSA O00O06D13 

(72) #ib# a 



(54) [X9**>«fr] !f<0«ft36FMt. JfctttaWfcP— tf 



(57) [Sft] 

^•©♦ghJ:b^T^ i fe»<^^TU-&^y+>-Jf^CDU <y v 

to 

[fc¥i*3M8] p-A 1 , Ga,, A s(x=0.5) 1 ± 
^77 K^4±IC S p - A 1 , G a ,-, As (y=0.7) x 
•y 7 c >^"X h7/t!5, p-A 1, Gai, A s (x=0. 
5) ^2±y 7 vKI6« p-GaAsi1:>^h 

1 ©□ >d? ^7 S/f 7 tUS 2 KJI 6 tfcfft 1 ©x 

■y 7° > ^ I; <fc K) x >y ^ > <fX h -y / \°J§ 5 tfgfcbr 5 £ Tr 
»*Lfc«, moi^v KJH 6 fC** LT. ;B5S£ (5 
0%wt) fcSBBMb** (31%wt) tS4 : 1 OgiJ 
^T>g-S L T tt & X -v ^ > £ ffl L\ tz.% 2 CQX >y > 
2 . 5 #«.±frl^ V-fcViO) U -y >7 h7-fy" 



(a) 7 




9:'Jj ->"X 7*tS3 
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limm 1 ] an *«s**#*«o-±ii±ic» % 

1 SfS^7^ K«fc. CkSe 1 itS^7'y KJBJxOt, 

jfifr&fciJSISkJifcx ±EJB 1 sS«£* ^ .y KJffcHU 

tSSfi 1 <D&2mmSl5z>v KJI^i7f>miyf 
>^iSl:WLT, ±8BSS1 ©^2It?!i7 7'> K«J:t) 

Sx^f>^ h 7M'lt, ±IBSS1 ©SB2^S3?£-5 
>v K«i:IPIi;*aSM*«^&&-S»2©JB2SPf|S^7 
'y KJlfcx f 1 ©S&2^i|£!=>>*£ hJfh£Jli;*xt? 
**v*M£Jl/*JI£-tt£>I*§tx 

±83*1 ©s&2 ^ms?=>>*o hJB±ic mxy-mvt<D 

i'J'r^^fflUT^ ±IBSS 1 0S2ItiD 
17 KiIfc±iei£2(Dtg2 2gm5^7-/ KJf <h£±IBx-y 
^>^'X h •y/f/gtfSiiS-f x<y hi7?>yt 

3 Iff 1 ©x-y^^'lSfcx 

<y H7f>?Lt, "tfjfct*;©'; r>7 h^-i^m 

~&* : &f$.-tz>'m2<D3Lvj-->>73Lmt. 
astern v * a m tx 

±IB 'J £P** Lfc»x ±*B» 1 itStS7 

□ •j/fJS±, 33^:^13*1 ©JS 2 ««S=i>^f hH 
±l3x ttSR 1 ©S6 2aMtS!:i>** KJBfcHliiMH*** 
*4fr&fc4*2©»2#*32=i>*47 h^&*S^fi)c^^ 
-tt % II 4: £ tfl x. Z t £ f#» <h T -5. ¥3f* U - V ©S 

Ox 

±8BS 1 3S«3?£ 5 * KJBlix SB 1 ^ISA l.Ga 
,., A s (0<x <1)fr£>fc 0 , 

A 1 , Gai-, A s (0<x <1)/)^&9 . 

1 , Ga,, As(x<y <1)^b&0x 

GaAsfrbfeO, 

[IS** 3 ] ffi*l£ 2 KIBHc©**** U - tfffl BBSS' 
iildfcuTx 

±IB^2©x-y^>^"li. ;jgJtA<5 0%w t©>B5B£ 
t, 3SftA<3 1 %wt©i6BHb**fc£4 : 1 ©fiJ^T 



[111**4] 3 tEKO^SIf* U — if©«JS* 

±1BIS 1 ©X>y^>yii v ±IBf£2©X-y^>^i:|B| b 

U-tf©^*;4 0 

iidfcHTx 

±ib«i mmmt>^>v k«i±. *i #s^a i m Ga 

o i A s £> ft 9 x 

±SBSB1 , * 2 ©S& 2 39*33*7* KJ1I±» g5 2*SS 
A 1 o s G a o s A sfrbftdv 

±IB^2Sl:5kX.y^>^^ h -y/^li, ^2iI«A 
1m G a» 3 A sfre./jci.Zt^atti^l/ 
— tf©«iS*ao 

[»** 6 ] S1 3?«S*«*a«©-±iB±CBBa 
£*i£tfl1 *«33i>7* KJBfcx 

1 mmWH? <y KJH±CK«*tLfcx »S 1 35©^ 
^■7 «y KJii 0 feH$*6*Jft^> K¥v -y^x*^-© 
'J* * L%4<r*4&O r m3&3Er' & ft 4 fc x 
i£;£ttil± urges ±IB*1 itS^7-> KJIfc 
H l^SSteWBfr&ft&SS 1 ©^2iil^7>y KJB 
fcx 

I£ffl 1 fflS2ifg^7'V K®±irES^*tfc, l&m 1 

2if^^7'V Kl&X7f >^'tSX7f 

icWLTx ±IBM1 ©fg2^ms^7'y KiJ;Hi7 
^>^b- h©^LN^^i*^^t>ft.&^2^1;Sx>y 

%i <D%2mmm.<7^v K*trai;*sf**t*4fr&ft* 

^2©^2^SS2^^-y KSfe«k ^^©±13138*^ 

©fttNiMy -f-ffjtt© u -y v7 s z> 4 ymm.ii. 

s**i asmssast^avf ji± j fc«fctf±E3f5i ©*2 

^^Si=i>^^ h«±l=Ka*tifcx «1 ©^2^m§2 
=!>^ hili:[5)i;*2i^ttl4A^ft-2>^2©^2^m 

[«** 7 ] If*ll 6 I3IB«©*^ U - if Iii3 1» 
Tx 

±8BSB1 ^@52^^-y KJBttx SS 1 ^fS^A 1,., Ga 
os A s ^ t> ft *) v 

±SBSB1 , Sg2(03g2SS«£!*7-y KJBlix ^2^g§y 
Al.s Gaii A s t> ft 9 x 

±SB^2 2gm§^X-y^>^X S-y/\-Jgl±x tg2^SgSA 
loi Gan A s A N t> ft "9 x 
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[0001] 

[0 0 0 2] 

r ) G a A s 4£«f*£«. 2 ItttltK 1 CD (1 0 0) 35 
±l^dt**Lfc«*/)<1 . 5 — 2yumT = fc'£> n — A 1, 
Ga,-, As(x=0.5) T^>y KIn 3liT^*y KB 
2 J: Hi>W^A'> K*> y7x*JI/=P-^itv3 
tt^Tr. 0||;Ui, J5£#1 0 nmT^USSffifiJcltv A< 
0. 05 — 0. 1 5T-&5 3/iCDA "I, G a .-, P^x 

(la^-tt-r") <d&b<dwiiz* m£t><^ onmm 

^fflfiEJtw #0 . 2 — 0.3 5Tfe^)A l.Ga,, P 

&&4 2io^v ks da^-t***) TSs*iiA,-e&s 

•^pWiiiSttJBff/XfflLxSnSo 4ttflE*A<0. 2 
-0. 5MmTfe^pS (JUT, p-fcf^-T) AT, G 
a,-, A s(x=0.5) fg1 ±^>y KJB, 5 (iff £ tffa 2 
0 0?J->^X ho-ATfc^p-A 1, Ga,-, A s (y 
=0.7) x*y^>^'X h-ynTi, 6I4J¥£#1. 0-2. 
OMmTfe^ p-Al, Ga,-, A s(x^0.5) ^2 ±5 

7f*J5£*)<0. 5 — 1 /xmT-fc* p-G a A 
sigl D>*£ h«T. ±IBf£2±^^y KJB6fcJ61 

(JilTU--tf*fi»JI*rRli:W-r) M^'J«r>7h 

*1ttf5ttfcfc-3Ti^ 0 1 2 U y v^* h ^ -f 
9 Siitoi&t? <t d KJBric* *ifc±IE>5tt« 3 ©Ha&ttfc 
;\'> K+> <y Ha'>K+> y T//)<'Jv£ l*tt*4Z^ t> 
fc£ n^lS^D >y ^fTv 0!lil£ n - G a A s«tf 
ffli^^tiSo 9 c(*'J *y vffi^9©J/rftffitf9SP, 13 
liS^2^3Am©p-GaAsi2^>^^ hi, 1 
4l±pffl««S J 1 5l±n««ffiS:*n^*t^-ro 
[0 0 0 3] BI4l±Bt*(D**f*U— tfCDKii* 

[0 0 0 4] ia5li^*(7)*ag#Lx--tf<Z)9SiS^ 
>£<ZK 14(c) ll^TXfIf:ifcUTAT-^TSP#£te*: 

(3cfc OStHLfc (100) I^b/j;^-x^-?>W h *y 



^mmm. 9 aliU -r>^ h^>f :7*iS9_<Z)U-1fttS 
SfiSlpJfcSMrfcttffi («Ts 'J'yvIS^^t) ©- 
^CD±gPTfeO. ^(D^iiLit 1) AffiT:^ 

So 

[0 0 0 5] CCDS^{iL$:^-r (/1 /1 1 ) £ 

[0 0 0 6] 
[«M] 

( 1 1 D ) 

[0 0 0 7] ftSlLfctiOTfc'K *ffl*H»*T. JSB 

[0 0 0 8] Sfc. 9 bli'J >y v#J®CD-^OTSPT, 
(/1/11) Affih(IOO) ffifcOBBOfflt-tt)*: 

[0009] jfci^wi^ic^^TKqario pfltsi 4 

ffiJKIEs nffi'JWSI 5#JI^&fc&4«fc5l3ltEES:EpJ!)P-r 
^^is tWp-GaAsi23>^y hI1 3, p- 
GaAsll^^ni/, p-i21>?77KI 
6, p-JB1 ±^^-y K«4fi : gT« : ?-#^)S14*3 

i/clflin-GaAs*iMK1, n-T^ 
<y K« 2 £*STfi^#^>S1±JB 3 l3^-;h^Jti>±A£ *u 
JKJDSte^ *<*± L . >£tt/§ 3 rt Tis*»as 

^> o 

[0 0 1 0] y v«^9K^l*T!ttWT£ 0 * h 

^ *f :/^<Z> U y 9 I^IBS-T 4 n - G a A s t)llt7 

□ 2 l3^t)tLTU^^i|StTli. n-GaAsi 

36 y £JB 1 2 A«p - S6 1 ±^>^ y KJB4 p - G a 
As$2D>^hi1 3.i:<DraT^tL^tip nffi-&* 
MLTS^ pftJISI 4ffl|&iEi:«r*J:^«BE&Ep 
iDLTt, U <v5;*ii9tt^©««T?(ip n pffi-&&» 

li36n«:Uo ^^n-GaA si3S7a^I1 2 (± 

it U ^y vfflii 9 (Dfr&i&tiZ tcths 'J ^y 9 IT© 
fRWa)*^*^^* 3 a)*l^«36l4IR* U U -If* 
It^/cfel:+^^tS^l;Iti)o Jfcn-GaA 
si;S7D^H1 2I4* : F#p}gtt«3Tr*LfcU- 

■tf^&RjR-rsttK^feSo citiiiaaa^ov^ai 2 

a)«^Tfe^> G a A s©/\'> K^^J/7x*J^-tfJS 
14ii3a>||S*W>&:M-> K*> 'V^x^^^- J; < 

^9©i^l!8TliU-tf^I±^c\n&iR&SltSfetox 'J 'y 

y«ii9a)jfieo^i3U-if^t,i(|cnrSo ckdjs*. 

^*f*U-VOi*f^ttro4»T?aS&7jc5p«^E- Kt^ 

[001 1 ] ;*icf^*(D^^f*u-^cr)^ii^}ii^-z>^ 

TlttB^-rSo OiM«(Dn-GaAs*g»lfi 
10(100) S±IC. n -T^> ^ v K/l 2 , jg't*^ 
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3, p-»1 ±£^y KJB4, p-x.y^>^ h 
115, p-SS2±£5y KJ16 , p-GaAsf 1d> 

i3cS*iSfc LTIt, WiKMOCVD (Metal Organic 
Chemical Vapor Deposi tion)3^#ffl I* & *i4 0 JSSSfc 
c7)^x;\cDKBia^!a4(a) [Znk-to 

[0 0 1 2] j^T\ p-GaAs$n>^ni7 
±iZ. 0 4(b) &*1ttfc«<Z)'J r>7 h 

^j^m&tf&tiL^&t&isfa. [oil] ^r^iz 

JBfitrio WShLTliS i, N 4 , S i O, Sftfffll* 

(UtTU-1f#tlSS«*(pIiittir) <D«I±#j8ai 
mTrfe^o C<7)'J r>77> 8 ttffi^^JKttCD 'J y v« 
at 9 &mfltTZ fcftOi *y > y<D * t LTttlflET 
5o 14(c) I3^-TJ:oIC I©U'r>'77?8 

LT^^tM(Z)'J v v«ai^JBfiE*n-5 J: 

■5o ^0)X7f >yiIfc^Tlip-GaA s*1 
^h!7 ; p-Al,Ga,, As(x30.5)^2^77 
KJ§ 6 lixy^ p-Al, Ga,, As 

(y=0.7) iyf>« h ^AJi5l±xv5 1 >y*tL>fcl\ 

(D&lt LT'J >y vJBfi6l^-»Wl-fflt^6*i-5>IE»i:ia 
5iT?X7f> ^Hii L fe ^ tr -5 *)W*x v J- > y cfi 13 

£>o Tfc*)* s X7f>WX7^>^7 h y /\°JB 5 (3 

So 

[0 0 1 3] Z<7>J;-3&*}*lc:J;Os El 5 l3^-<r <fc 

zzr^ z(dv y v7 h^-r ^«Jfi9ii, ^<DU--tm 
SS«*lR|tDfi (tlT'JryBtftt) *«>S1±JB3l3iS 
^<i:Ufe*^TS<&-3Ti^J;-5 

& £> t\ 'J >y vffliJSOx *y ^ > ^7. h v J \°JI 5 I3ifi 

fiJc^tLTUS^^-y-JBttOJU vttUt9 t&K>, U *y v 
fllii 9 <D«±gPfr&±te#fftffi/)< 0 SP 9 c I3ft^e> 13^ 
nr U >y vffiit 9 <7) U y v'B»< 0 . ClcDtfftiffl^ 
*9 £P 9 c Av-^iSI*® 3 ^x *y J- > ^'7 K <y A71 5 I3f£]/r 
-5 iZ-OtiT U *y v^gA</£A^Tl^^}f5^*i:*;■pTt^^o 
^ LTx U *y vffi^g 9 TSPO U >y vfi'JBS h . Z(D l )v v 

[0 0 1 4] CKDJzdfc'J >y vflfit 9 #J£J5S£ tL£ CD 



l*x 'Jv v?BfiJE(Z)fc«)(Dx^y->yv7) (10 0) BfcJB 

fiJc-TSx^^^yu- h#¥lN/c#K 

f h *y/\ 0 iI5 l3^L/cI$^l3fcUT{£, 

* Jfctt© <J <y i>'«it © U *y vflllffi fc 4 ( / 1 / 1 

1 ) ®^(7)S&ff^r4fc<fe^x^y^>^/)<+^IC : rrt) 
hTSt»r, 'J 'y v«it 9 v#J®(7)T 

SP9 bi3. doo) ffifc^ai^itflgttou * s/*«it 

9(D«Bt&4fflfc(7)ia(Da»fl*3a:ffis (1 0 

0) M^i (/1 /1 1 ) BtOB©StfM*h5:t 

[0 0 1 5] ^CDct^lvl. a^-y-jgttcoij , r >- 

Wat & JBJiET * 4 * IrJ 13 # 1/ 4 'J -J V X 0 £ m t x 

ijfr^-y-^ttcou k^-t rwjtsrffjfijcrsfctocox 

v?>y&ff-5 4:. U 'y vffiitO)±gPI3fc^Tli^c7) l J 

i^sp^ivifct \ri*. >sttJi(3iao'< iionr^-cou «y v 

itg^<^oTU4. U v vffl'JS<7)x»y^>^X h 

Sftift ft< 0 SP A<jf5J5£ * tir o \ 4 a? ^ it JBtto u v ->-«it 

[0 0 1 6] »lxT. 14(d) (D^^l^fHSIUaRtf'J 
<y vffiit 9 n — G a A s m$l7n v 1 

2 T±IA6&t;o U *y v«at 9 ±izit 'J ^y 8 Wife 

Hif&^o) x 5 1 1 & ^ fctosafijcfi(ifrt) *i& o 

[001 7 ] Sttl3^x«y hfcSl\|4K7-fX75 1 >y 
I3«t»? 'J y 8&^Ufc»v 0 4(e) IC^TJ: 

p-GaAsg2D>^ 7 h§1 3 4JSSfi£fi 
^CDt^, n-GaAs^iMil^SStJCni 
tS1 5. P -GaAsI2D>^hi1 3±f3p«ij 

[0 0 1 8] 

*s5f*u-if(DJ!?^-9-Jf5tta)U v v*it9li, ■J^yvy' 
7^8&ffll\T, p-^2±^>^^y KJ1 6 ^X»y9 1 >^" 
X h ^y /\'Ji 5 tfKdSf 3 S Tr«tR6*?l3X ^y 5 1 > y't 3 d 

vfflJi 9 JfetSifc U ^y v^CD^f* U - if Trli U ^y v« 
3fi9C0«t>S14JB3l3jfit^Tfl'J (ttT, U>yv^hAgp 

-T) . KX7f>^7 h7/\15t'J7 V«it9fc*< 

S^Tfei>o ZCD U ^y Aig^/£l\t^;*^E - K/)< 

9o U/c^'oT, U -y K 0ijz.li4 jmml&T 

[0 0 1 9] hZZhK ±ylLtz,lom&^^-mW\s 
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-■»f©«ia*a5*ffll»TJI$J56*tlfe*i9#:U-1fl=j3t» 
T(±, jg* -tfjfctt© 'J >V h ^ -f 9 fi<, 

iS^^t^^Tfcbfv x.y^>?;?. h-y/f/15 1;: 
iftuTSPIdfclvT 'J -y vfiiJSId 'J <y 5>'tfS;t©l*l{8'Jf::ftfr 

7^>« t- v JVB 5fjfo\Zfifro IZ-ztiT V -y v"H# 
)£<&5<to)iffiat4^TUi>ftto, U -y vffiifi9© 
U >y viH©$H^P7}*)<'J -y v*' h Agpfcli«tf>r, 
Z ©«f tift fi< 0 gP 9 c MfcJ** ftT H 4 gp# A<ffe©8Ufl- 
tlt^T«t 'J ^V^tf^U^P^&^TLSoTO 
fc„ ^©fc#K U>y v/-tCSAitS&4AtmWTi:^-i><t-5 
ICS* ttilZfla*, ±IBU -y vffiii9[*)CD±ie 

Ifftitttf 0 93 9 c CO U -y v*S#£ bi:S<^»), Z ©SP 

#T©$g?&#*# < &-2>©T\ mM©7ttb*)^d3-i>Htt 
*M«J IdfiSf D U T L S o 1 I ^ * # «c A<± C T u £ o 
[0 0 2 0] z<D&Bfll*. ±SE©«fc-5«tHa/Sl**>Ilir 
SfctoKftiiti.fctroTfcO , ^©gfcJSteJilciiffugp 
#©U--yft«H**|n|fcS£-f4*|n)©SA<, ^©ffe 

[0 0 21] Z(D%om, JhIE©J:-5fcPp^Hiii«: 

M>H-r-i)fe46ic:^^ti/it©Tte»9 , froitiSfiJiii 

[0 0 2 2] 

[«»«:*?!*f-5;fctf>©#g] Z©«WI3«RSi»£j9#U 

--»f©«ii*ai4. « 1 mnm*mi*mR<D-7k-m± 

«fc "9 tH5!*^^M'> K*> -y ?"x;Ml^-©<h£tNtt*4 
SZ/«j6*^&4>Stt«iis ±ie»1 >g«£!^-y KJI 
t|Bll;*a5f*tt!|BK>^&4!B1 ©S6 2 3S«S^^-v K« 
±IBIS1 ©S&2^g§^5>y Kifei7f>m 
i";f>5 r »l;*ILT, ±SB*1 ©*2«B*S£? -y K 
iJ;Hx7f>yu - H©tel^*f**mfr$>fc** 
2^ft^X-y^>^'7. h vrfmt. ±IB*1 ©^22gm 
£!^>y KJBfc|^i;*Sf*tt*4fr&&SSS2©3e2 3Ml 
i^7'fKJ8t, *1 ©#2agt83!!=J>4'* h«fc£IR 

;Xx tf + v t i«sr B fi!§ * -s § is t , ±sbsri©sb 

-f ^4iJi^ffifi)c"JHg!&*(p)lc:#t/S7. h7-f m L © 'J -y 
±5B*1 ©#2»g«g!=i>*$' Kilt±lB^2©^2^ 



-StT^X-y H'y?>^4f1 ©X.y^>^Xfi 
<h. *•©&, ±IE^2©^2^HSi^^-y KJB**&I= 

017 hx7f>yut, &*-y-jfii*©u -y h^-f 

7ffi&£mf$.-t 2 ©x <y ^ > yigt, ift U -y 
h^-f y«iS«:a4&iitJ:-5II. S£ 1 i«Sl»7 □ >y 

f 1 ©^2^m§2=i>^^ KM±ldv IftgM ©^2^^: 
S3>^^ KJBtPli;^f*tt»4fr6Jfic-5»2©«2« 
^!§k=)>^^ h»€:teafi£**-ttSIIIi:S:ti^4J:-5 

13 Lfet©Trfc-i)o 

[0 0 2 3] ±IB*»i*U-1f©ii!3l*aiCfe^ 
t, ±13^ 1 9C£^l9^Sffi(i» 1 mmmQ aAsfr 
t.^ 1 ?, ±8e»1 ^ttSi^^'y KJili, *1 ^SS^A 1 
, Ga,., As(0<x <1)A^t»7i>9, ±IBSg 1 , ffl 2 © 
'mimmSLV^v K/lli. ^2itSA l, Ga,-. A 

s(o<x <i)^e.«ci9> ±zd.m2mnmj^vT>7x s 

<y/\°^lix ^2^S52A 1 , G a ,-, As (x<y <1)^ 

2IfSGaAs^b4~^ ±IBS6 2 ©x >y ^ > 
}B5»fcjaSEfb**i:©>fi^»*fflt»TfTfcti««t-5li 

Ufet©Tffc-2)o 

[0 0 2 4] Sfe. ±ffi¥*#u-lf©ii!i6S}Si;:33u 
T, ±IB^2©x<y^>^'li, ;«Jt^5 0%wt©5S5 
Bth, ;^Jg/)<3 1 %wt©igi$fb7j<^i:$;4 : 1 ©fiJ-& 
T;l^LT6:Si7f>^^fflOT, 2. 5771il.±^ 
+pti.-5ctdlC L/ct©T-fe-i>o 

[0025] ±SB**f*u— |f©«il^al=^^t^ 

T, ±i3ffS1 ©x-y^>^li, ±IBSg2©x.y^>yi: 
|h] Ux>y^>^^fflLNTfirt>tL-&«kdl3 L7ct©l:fc 
•2> o 

[0 0 2 6] ifc. ±IB^*»U— tf©«|iS*a^S3U 
SAl,.i Gao.i A s *m&«c-2> <t 13 L/ct(Z)T:fe 

O 

[0 0 2 7] Z©*^l^4*SSi*U— tfli, « 

1 35ag2i|£aif* : ans©-±ffi±tEa*n^» 1 us 

>y ^x ^ ;u - © #J» * U«Jf4^ Ufllii^ & «c § >S'I4^ 

^h[3)L:^ai»«if4^t>^?»^1 ©m2^m52^^'y K 
^i:s ©»2^ffi5^5«y KJB±lc:Ea*tifcs 

©^2 2gSgy^^>y KJI&l7f>yt5l7f 
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JlfcJ;U t ^©±l;:i2@£*T,/cifH fflg2Ifl3>^f 
< U^h»©fc^»*-y-flstt© U v 

J:-5E«*tLfc*1 3P«S«a^o v^JBfc» »*! 1 « 

SSt;17o7^i±, fc4Z/±E$S1 fflS2ifSD 
hS±lc:ES**itv SB1 ©Sg2^m5k=J 

[0 0 2 8] ±E**f*U— tfl3J3L*T\ ±E* 

1 a>«ss^«#aifiii GaAs/i^feOv ±12* 1 mm 

mt^v K/f 14. f 1 ^SSkA 1 , s Gan Asfrb 

±E*1 , *S2©J|S2s?*3S£7*y KJBI4, 2 

jgmSA 1 o s G a, . AsfrSSO, ±IBSg2^:Sk 
S >yAJf 14, a?2^S£!A 1,., Ga u 

Asfrf.&o, ±iemi , *2©*2^giyi]>^^ k 

J§l4ig 2 agHS^ G a A sfr£,fc&«fc-5l;:L£:t,©T-fc 
[0 0 2 9] 

§SJ«©J&J81 . z©$enii©sstt©}BffiM ic^^ttu- 
— tfo«ii*a (0 2) ii, nimmm*mwmn 

( 1 ) CD-±®±l;, *1i^77 KJf (2) t, 
ttSR 1 SS«S3* 7 7KS ( 2 ) J; K> fcgtaM«j&M> K+" 

(3) ±e*i *P@s!^>y kj§ (2) fcisii;*« 

f*tt*4fr&fc**1 ©*2*«S2£^.j/ KJB (4) 
±IB»1 ©SB2 3!«S^ : 7'v KJB (4) ^i.yf>yt 

sx«v7 c >y>sic*>tUT. ±tesgi ros2^ts^7 7 

KJ1 (4) 4 K> tx^>^'b- h©f£^*2gf*tt*4fr 
bfei.i2§lIi7f>Wh7ni (5) t, ±E 
M2i?S3!£^<y K/f (4) hl^U^f*tt*4frt>fc£ 

« 2 ©as 23**32*7* kjb (6) t x 1 ©12^1 
£^>**h/i (7) i:s*;*xb:^+s/^^eiafis* 

±IHSB1 ©^22@m§2=i hi! 

( 7 ) ±iz , -y-ffstt© u v vt, h?-f rm&itwifS. 

"Jt^fe^lR) l^fa l>'£ 7, h -7 -f ^"tt© U v ^ 7. * ( 8 ) 
fiJct" S'Jr>'^5 (8) ^fflUT, ± 
IB* 1 ©* 2 USD >* * hJB ( 7 ) fc±ESf 2 ©Ml 
2§tS^7 7h-)l (6) t^±I5-T'yf>^"^h7/t 

e (5) ^aturssT^xv H7f>yt5*i © 

x-y^^xflh, *©«, ±ISSB2©SB2««S2^7 

•y KH (6 ) bd^x-y hx.yf>?Ut, 
flstt© U 'V >7 h7^ 7"tiii£ (19) fe^l" £>fg 2 © 
x-y^^'Xfii:, It U -v ->7 t- 4 zrmfc (19)6 

nitoiitctoi;, t&\mwm.n : $i7nvt>m d 2) & 

ISffirJc^^-arSXgfc. ±E'J -r>' ^7.* (8) £P$£ 
Lfcf*. ±»Bf& 1 ^SSSttasya .y';|(12)x, 



±V±IS»1 ©S§2s?aS2=i>** (7) ±IC. IS 

nn ©^2^m^3>^^ kjb (7) trnt^mfttrw 

fr&fc4*2©*2 3«S2:3>** KJB ( 1 3 ) 
^JI£i±i>x:gh£«;ifc4i§J*<hLfcfc©Tfc9, Ml 1 
CDX -v > 7\Z «t 0 tife, 'J v ->7 S 5 -f T^Hii 
( 9 ) ©TSUroiSttJI ( 3 ) Idifir? < HoftT 'J >v vflg 
A</£<fcoTUSS5#£. SI 2 ©x >y^ >^I3 4 0 , x 
■>f>Wh7/^I (5) CttLTStRWlZXy^y 
LT, Uvyflijffit, C©'J v5;«ffii:»r-5±e* 
1, ^2©x.y7 c >^'lCl<t OStbUfex.y^^yT. h«y 
/tji (5) ©a®.t©&-r£ijg£g^t-t&;: tfi<T 
£, StiStt® (3) lzi£i*Si#©#iS«g#filfcS£ 
t-S*lR]©<S/)^ ; E-©ffe©SP7?©itSi:tb^Tfit^< # 
oTlx£>£*^Jfs#©'J *^"7 S^T/fliit (1 9) 

ixt^ft u - v *«#re £ iff -2. o 

[0 0 3 0] H»S©Jf$sj2. C©^B^©H)ffi©m 
fi8 2lC«4*3|f*U--9'©Wifi*as (H2) li, ±IB# 

»f*u— tr©Mia*ai-*5t»T, ±E»si*«s**f» 

sis ( 1 ) teie 1 «tsG aAs^b&Ov ±e» 1 m 

nrnt^v K/§ (2) li, M!1 A l.Ga,., A 

s(o<x <i)^b&9, ±esbi , m2(D^2mmm-> 

77K1 (4, 6 ) It. Wi2mnmA 1 , G a ,- A s 
(0<x <1)fr£&i3 x ±lBSf 2^^x-y^>^'7. h >v 
AS ( 5 ) 14. Ml2^S5yA 1 , G a .-, A s (x<y < 

D^s&Os ±e*i . m2(om2mnm^>5>i7 

(7, 1 3) (4*2^S§yGaA sfrb&D, ±13^2 
K>x.y^>^"l*s >i5Bli:a»fb**i:©>S^*feffli.^ 

vT>?tZtK>mi$£n£i'J r>7 h^-f^gii (9) 
©TSP©;£'t4il ( 3 ) l3i£o' < Id^ftT 'J «y S/-*s6<j£ < 
&oTUSg|S7}&* Mf2©x-y5 L >^'X*il^J: 0 x x>v 
5 1 >^'7, h >y/N°S (5) I^WLTil^tx.v^>^L 
T, gtiSttJl (3) Ica^gPdOrtliSJlTa-laltiS* 
■TS^riR]©i|gA^ ^©ffe©SP»©itS^J;b'<TSt^< & 
•=»rtx?,^^-y-jf*^© l J ->7 S^-Y^Sil (19) & 
fit*. fc^agf* U - +f 4tf tttT t iff fflS*»a<fc 4 o 

[0 0 3 1] ^©Jfjee3 . c©*^©5|Jjfi©}B 
SS3IC«4^f*U— tf©«jfi*a (12) 14, ±E* 

14, ±E*2©x-y9 1 >^tlli;x-y7 c >^Ja&fflL^T 
fr*3tL*4:ol3Lrcffi^i: Lfet©T=fe'3v Ctil^J; 

>^©t^^x.$:^ < Lt, ^Xfi^^^t-r^ih^ 

[0 0 3 2] ^©^«S4 . $ fex 3©SE^©SlflB©JK 
!S4l^4*3P«:U--tf (11 ) 14, SB 1 
S-« ( 1 ) ©-±l]±l;:@Eg£*i/cSS1 ^®S^7-y K 
JS (2) t, »$g 1 ®SS2f 7>y KflB (2) ±|^EB* 
tifcv ««S2f Kffi (2) J;HfeWj:/\' 

> -y yx*;i,+"-©'h£iN*;m&m8ag:ft s bk& 
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JSttJB (3) ttJSttJB (3) ±lzBtW£tLtz. ±13 

sei <om2mms^^^ Kn (4) 2m 

mmt^v KB (4) ±ldEB*tifcv tt»1 (D*2» 
«S2*^*KJB (4) 4i.^>yt4i V f >y*c 

wlt, ±sa»i (omimm^^-j kjb (4) .tot 

x>y^>>?X h (5) i*^2S8Sx7f> 

h ( 5 ) ±lzE»<**ifc±l3* 1 Of 2ii 

52^ K/l (4) 4i|5|i:*aif**t«^&A4Jg2<Z)JS 
KJB (6) fccfctf^c^llEHStifc* 
1 <D* 2 h* (7) Trjfcritetifc. <tf 

tiSPtD&l^^-y-flSttO'J v h^-Y 7«iS (19) 
»U r>7 h^*f (19) ftSto&fccfcdE 

a*nfc*i ««s«a^n^*« o 2) »jgi 

StSt^7a^i ( 1 2) ±, 33«fcZ/±i3*1 Of 

2mnm^>$$ kjs (7) ±ic:E»<*;h,fc. f 1 of 

2*«SD>*£ K« (7) iHi;¥*f*»*4^&«fc* 
S2^2^D>^y hl(13) i£{S§;L£4lf/# 
iUfctOTfcO. CtLlCJ:0. ^©ItMI (3) 

ic£t^sp»ofti5S«*i^ties£-rs*fR)cDii8/)^ ^o 

U vV* h7-f ^ffiii (19) £«*fc**f*u--tr& 
[0 0 3 3] 

Wt) G a A s 2 (ittSfi 10(100) 

®±(3jf^**i/cJ5^^1 . 5 — 2 /imTrfe^) n — A 1 
, Ga t -. As(x=0.5) T^^«y KJlx 3liT£^v K 
/I 2 J: HI>W^\'> K4^> 'y :7x*Jl,=F-/)</J\£ i\ 

0 . 0 5 — 0. 1 5 Trifo & 3 1CD A 1 „ Ga,, P ^x 
^JS (E]^-t**t") tD&JKDHUlx Jf££<1 OnmW 
SffifiJUtw #0. 2-0. 35Tfci.Al.Ga,-. P 
M'U7I (El^-ttr') £***^Tfc£> 5JiO»Jiffiig 
J5*^3 5 nmT±IBn*U^®fc|sll:*iiao*t#4^ 
2 /ICD^T^ K/l (El^-t+r) Tri^^T^S 
S^pMiiJfSttH^Wfflu&tL-So Sfc. A 1 G a A 
sl>WO^OffeO«*4<h LTInGaAs £fflUT>£1*fe 
!&Mt^J:9l:lTtJ;Uo 4[*Jp£^0. 2- 
0. 5 /xmUfoZprn («T, p-tftt) A 1, Ga 
A s(x=0.5) f 11^77 K», 5l*g[**^2 0 
O^XfX hO-ATfe4 p-Al, Ga,, A s (y- 
0.7) x^y^h-y/ti, 6liJ?£/)<1. 0-2. 
OAmTfc^p-Al, Ga,-, As(x=0.5) f 2±^7 
^ \y Ki, 7|±J?£A<0. 5-UmTfc^p-GaA 
sf l3>^niT, ±S3SI!2±£^y K/I6 fcfg 1 



^Il^o 1 2itm U 'V vX h^-f^fflJl1 9£ii<&& 
C «t -5 I^JKfilt**lfc±g3)Sgtt« 3 (DgSa&WfcA > K=F* 
<y 7x^-J;0t,/^ *y 

1 Tr(i^(Cn-G a A sf ;17n ^^l^fflUTt^o 

1 3liJ?£ 2 — 3 Atm<7)p - G a A s»2 n K 
M, 1 4lipfiiJl:@ J 1 5l3Ln$mm&Zti?ti7jiTo 

[0 0 3 4] 3=fc x H2tt**Jt«1 (D^SSftU-lfO 

mmfrbte* l J vV^7,L 9 I* 'J r>7 h^^y+g 
Ji, 9 cli'J >y v7 K^>f ^g^9Oj/f^tt^0SP. T 

[0035] ;Aiciftf^(c^^Titt^-r§ 0 pfflJttBsi 4 

Sis f?lip-GaAs*2D>^i7hJ|1 3, p- 
GaAsf 1 □ Vmi , p-$21^77h'i 

6, p - * U 7 »y K« 4 SSti?#Fi8tt)| 3 
^ Sfct^lin-GaAs^SttltSI, n-±^ 
*y KJ3 2 ^Sftt^SpMI 3 \Z^n?H)3iA£ti. 

i^^^-^s^^tu, >stt ji 3 rt t as 

tto u ^ zsmm. 1 9 (ZBSffi-rs n - G a A s n$i7o y 
/ ?m \ 2\zmt>tl-£l\&$m$.T~{&^ n-GaAstS7 
nv5m^ 2^p-Al, Ga,-, A s(x^0.5) *1 ± 
777 K14hp-GaAs|2D>y7 K/l 1 3 <hO 
HlT^-tL^tLpnffi^&JK^UTtJOK pi«ff14« 

1S«7?ttp n pffi^&^«LTa3O«EE©En»0*lRl*^ 

0$M^0g^#^>S't4^3 0^lC^^[ia^Lv U— tf 

Asta7D77i1 2li* : F#^>S1±«3T?*LfcU 

2 0«*4T&£ G a A s OA'> ^7x^^^-^ 
>Stt« 3 O^W^n*> «y ^x^^^- «k 0 >J\^ 

v«JS 1 9 0f^KTfiu-if7^fi^uqftiR^Si7-S^ 

#K U7>«ei 9 0ifi^0^f^U--tf7tfe^^L. ^ 

rote*, ^mw^ -vowhmmcD^mw^k^m^ 

[0 0 3 6] ;*i3*HJffi«l o4^*u--^os^??>£ 

l3Ol\T|{40fl-rSo vX/\ttd)n-GaA3*§ 
ftSffil© (100) ffi±l3. n»T^5^y K12, >S 
P-SU777K14, p-x«y-J->^XK 
7M'i5, p~^2J:777K16 J p-GaAsSI 
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n>*£ K«7<D*Ji€:Xt:**^^;UttJlfiJ«-r4o 
CKDfiSS^S&fc LTIiMOC V Di^fflt^Mo fiJE 
*Sfe(7)^XA(7)BrffiElSEl2(a) IZ^To 
[0 0 3 7] CCD^1 =J>^ hJI7±l3E]2(b) CD J: 

*[rK [011] *fp]l3fft/4X h^*f :/tta><J 

^8>umTrfe^o &*>\ CCD U *y y?X ^ 8 CD U -if ft 

vT>?(D^Xi? t LTtt^L, C (7) 1 J 7 y"77^ 8 CD 
#tf4*fi#U-1«tS8:Bt*ftfc&4o ;*(3, 02 
(c) (3^Tcfc-?l3. dCD'J 'VvYX^ 8 £ V X <h IT 
i»y*»ttG)U ^ v«itA<JKfi£*ti4 «fc-5*1 Ox*y^ 
>y*fT-5o CCDifM <Dx*y^>^7|3fcUT(ip-G a 
Asfl Z)>^^ hi7 j p-A 1, Ga,-, A s(x= 

0. 5) »2 KJH6(iXy^>yT&£A< N p-A 

1, Ga h As (y=0.7) JivTXfX K *y A7§ 5 lix 

«i£9A<Jf5ricT£& 0 CCD<fc3&x*y^ > h(Z)0!lfc L 

^>^'lix*y^>^;* h y A 9 J1 5 (D^ffi^ffitJh-r* ST 
fr*>*U CCD 'J «y vX h^-f ^«it9lix ±*£L£:f£* 
CD^^f*U-1fCDU -r>'7 K^-f x >y 

f >y*X h-yAJf S^UTgPK&UT'J «y v#J^I3 U 
■y v«iI<Z> rtffl'J 13 IrJ ^ ^ Tggtij LfcW tiffin 9 SP 9 c 
JB/£*ftTl*4«ig. fiP5 < VftSP#&fiSi/MB«fc& 
otfcO, ^©jffnffltfOSl^ cCD±gPl3fcUT(iX*y 
f>^h *y A/i 5 l3ifio* < 13 Lfctf-=>TU-imiSg 
B^fRjCDB («T'J y yls<h^t) #»<>fc^T^£2* 
*1«fM*T. ^<7)TgPCDx*y^>^*X h *y Ail 5 I3ifiu 
gB»l3fcL\Tlix X.yf>^7 h 7/ti 5 \Z&-3<\Z-Z> 
ht'Jy vl A<l£ < & o T L x & «T & £ 'J ■> 5>-«fc§ <h 
&oTi\£ 0 

[0 0 3 8] ;*lCX«y^>^X h >y A/15 I3x*y? 1 >^ 
WJ2LT^b N 3!l3X'y^>>/X h *y A/1 5 (CttLT 

> S £/B l*T 'J y vffljg 9 <D U «y v#ffll3*t Ltf 2 CD 
x>y ^>^£n^o 30i:9&')x>y hxyf>ytt- 
t&\Z*- A'-X7f litl-g) o CCD^~~A — X*y 

^>^S:HT^G)B$F B lfeMtff-5 3<h(3j; *) , ±15 U v« 
3t9(DTgPO), Sei3^X7 5-->^X h y A'jf 5l3ift 
•3 < < &^Tl^gP^£, X*y ^>^'X 

h>yA7§5l3ttLTS^l3X>y^>y LT. U *y vfPJj 

O^tB Lfcx^5*->^^ h 5 CD^iStCD^-r 



C(Z)StRXy^>y<Z)Xy^*> h £ LT>I5lg (5 0 

%w t ) : mmtykm ( 3 1 %w t ) = 4 : 1 a>>s^» 

*fflt^8^l±2. 5^tM±CD^-A*-x»y5 1 >y^ff 
3C<LI3J;0s 0 2(d) l3^r«fc-5&, 5££&i£*-th7) 
JBtt&SLfcU »vv«iS1 9/)<JEfiJET*4 0 C<Z) 
;t-A-x*y^>^CDB$RflliU r>77* 8 ©(Sld/ft l; 
Tfflfi£*l§o 
[0 0 3 9] C(Dct-5^7f--/N'-x>y^>y[3ct 

U >y v«Jg(D U 'V vffl'ja <h «c S SI3 Wt ^> X >y > ^ U 
-KI3MLT, ^OfflKDffiSxyf >>?'tSxy5 : >y 

i*h^:•^Tl^^t^gP^CD U ^y vffl'JSA^ ^t\X»y5 L >^" 
U- hTg^fi*Jl3X^^>ydtlSA^t>TteS 0 

fniCDX^y^V^liX'y^V^X h ^ A°jg 5 T^I3± £ 

oTu-sfeto, *-A*-x»y^>yiia«i (D-±at 

(7)U*yv*m£1 9&»fi)t-r4C!)l3^fl'&B$fH©*-yK- 

[0 0 4 0] J&fc N ±13 U v v9 &B/«r^[^CD^1 CD 
X'^>y'(DX>yf >^tLT, ±IB(7)* - A'- X >y 
^>^l3ffltN^X^5 L >^>S&ffiffl-r^ cte>(3 LTt± 

<. 3 0J:^^^l3li. ^1 CDx*y^>^^t>^2CD 
X-y^>^'^(Z)X*y5 1 >^CDt^^^^^ < LTs S^ilX 

[0 0 4 1 ] IftUT. 12(e) <7)cfc5(3. SfeafiRfil3 
J:0'J'y 1 9 Ui*<D@pJf£ n - G a A s 826^0 

'^11 2 Tilto&fco U *v 1 9 li *J *v f>"^ 7s ^ 

83b<tt«fiE*BSG)V^^fcti*:4fc«), CCD±l3i«S^ 

[0 0 4 2] ^ffe!3^X^y h&SlWiK^^X^^vy 
I3«t >3 'J ^vx'^^ 8&P**Ufcf*x [12(f) 
313. ^bl:p-6aAsi2D>^^hi1 3 Zfegk 
iSc^Lx n -G a A s *agf*S*fi 1 0)^®ffi'Jl3 nffl'JiSffi 
15. p-GaAsg2D>^ni1 3±l3plB'J«S 
1 U *y h^-Y^ii9 0)^t/^^^)f3 

[0 0 4 3] CCD^^^U-^"^, 'JyviJII 9li>S 
•tt^3 13^0 < 13 LfcA^oT^OilSA^Jv* <&oIU5 
^&iS5^-9-JKttT&6fcto, U^v*ifi1 9titi 
t^g[i7lli l J ^ v/KS Agp^t&O . 'Jr>'fii|1 9CD^ 



(9) 



^Bfl¥9 - 1 1 6 2 2 2 



SiU L fz m& T ') -V V ffiii ft 1" £ #> © X >y > ^ 
ft»x.TLS ■Stt*©***!^— «ffl!)«ifi*aEl3J: Off* 

&S(Dffiti&tf<Q$V9 c. r&*)-6 <rttiSl«-J!><«fc'J 
•y vBroi&u^'fcfcoTUfcd tK&E-r-S 'J <y vffi 
it9©*teJM;fci^raBj!><±i;j&:l»©T?» U -y v*«i£ 
1 9 & SM&fifls* it £ Z £ fc < * D v v hAi^i< 

CD U <y vtliil * *MPf* U - If S C fc />< 

[0 0 4 4] l}l±©<fc?|-. *HiS0!|1 IdfcUTfi, £ 
1 ±l3Tf ^ -v KJB 2 , JSttjg 3 , fll^^Ki 
4, I7f>^7 hy/tl5, S£2±£^>y K16, gl 
1 h/I7ftll8i;£ff*fi£U Z©*1 =i>*^ hJB 

tUf* ±t2x>y T>7X h >y M°/I 5 CWlTx.y 
^>^U- h©iIUX>y^>^';&ftffll\T\ X-y^>^ - 

f£2±^-y KI6t&i7f>^'LT'J -y 9 ft 

Jf5fiJcLfef£, ££>I3. ±IBx.y^>^'7. H vAf 5 IZM 
^-i>x«y5 1 >^U- h A<±IB^2±^-7 >y KJI 6 iCttlT 
£x.y^>^b-h ^ib^T+^-l'ilUX-y^^^'iSlZ 
J; "9 ±12 'J -y vfltiS 9 ft x >y ^ > ? LT ') -y vffiii 1 9 
ttif&t* J: 3 IC Lfc**e> . >£1±JI 3 KJfi-J < 13 Lfcfi< 
5T?fflU -y vits#'h£ ^^Tu&^-tfjfit*;© 1 ,! <y 
vffiil ftii * fc^SSf* b - If fttf 3 C 1 tfT # . ffitlfc 
^tb?tit$ttft^r^3$^-y-Jf5«CO'J'yv4M^ft«x.fe^ 

[03] 
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ag# U - -tf ft ^§5 I3ff * d L tfT- * 3 SA* /)<£> £> o 
[0 0 4 5] fc*>\ ±E*M«1 KfiHTftt* StS1 h 
LTnSS©ara*^fc««l::-3l»TIitflBLfcJ!><. 
li p 3^CDS« ft ffl I n 13 I \T t, iSffl Tr t * t CO 

©samft^-r-So 

[d®C0ffi#^^] 

[E]1] c©*»ili©Slftfc|i lzJ:S#s*f*u-lf©« 

^ft^-riwaEiT-feSo 

[[212] C©*W©SIJt«l1 l=J:4^f*U--tf©tt 
ft ^"f »TSXiI0T-fc Z> o 

[H13] ffc*©^f*u--ir©««fc^r»fffi0Tfc 
s. 

[0 4] Ct*©**f*U— «f©ttit*aft^rBriiiX 

*f0Tfc£ o 

[05] «£*©**# u—«f©«ii*a©±«xs ft 
i»^-r-5fcto©tt*«sn«iai?fe-6o 

[W^©KW] 

1 n - G a A s4^f*St&x 2 n-Al, Ga,-, 
As(x=0.5)T^77K@, 3 >gtt/I. 4 p-Al 
, Gai-, As(x=0.5)S1i^7'yKI < 5 p-A 
1 , Ga,-, As(y=0.7) x<y^>^7. hv/tg, 6 
p-Al,Ga,, A s(x=0.5) fg2±^-y 7 

p-GaAsglD>^nS> 8 'J-yvx'^v 
9,19 U'r>7h7-f 9 a 'J >y ->"fi"JS± 

9 b U -y vfliJffiTaU. 9 c t/F*i.[&A< 0 SPs 1 2 

n-GaAsfiiiT'avyi, 13 p-GaAsi 
2z>><5>t>hm, 14 pfliJSSs 15 nfflij^£ 0 

[05] 



A 




(10) 



- 1 1 6 2 2 2 



mi ] 



[E12] 




1 : n-GaAs^fc^aHS 

2 : n-AlxGav.Aslx-oiJT^^ v KJB 

3 : 

4 : p-A^a,- x As( x -0 5)18l±?7 y KJf 

5 : p-ATyGa^As^o^jx y ? > ? s .., 

6 : p-Al x Ga 1 . K As(x-0.3)3g2±? 7 y KJH 
7: p-GaAsSfc 1 =i > £ ? hJSf 

12 : n-GaAs^-?P -> 

13 : p-GaAs?£2^>2 ? hS 

14 : planer 

15 :n^^ 

19: u •> h^-f :r«s£ 




8 : 'j7->'77? 
9c : iftft&tf MSB 



[B4] 




